M
ORE THAN 350 000 PEOPLE die annually as a result of sudden cardiac death, and a major risk factor for sudden cardiac death is heart failure with left ventricular systolic dysfunction. [1] [2] [3] Half of all deaths from heart failure are sudden events thought to be attributable primarily to lethal arrhythmias. 1 Several large randomized clinical trials have shown that implantable cardioverter-defibrillator (ICD) therapy reduces mortality in heart failure patients with left ventricular systolic dysfunction. [4] [5] [6] Thus, evaluation of systolic function is recommended in all patients with heart failure, and ICD therapy is recommended for patients with systolic dysfunction who meet certain criteria. 7, 8 Previous studies have shown that disparities by sex and race often exist in the use of innovative or costly cardiovascular technologies as they emerge, and these disparities can persist for years. 9, 10 Recognition of disparities by sex and race has prompted the Institute of Medicine and the American Heart Association (AHA) to increase awareness throughout the public and among clinicians, payers, and policy makers, and to undertake efforts to reduce these disparities. 11, 12 In this study, we examined the overall use of ICD therapy in patients with heart failure who were at risk for sudden cardiac death. Second, we explored whether there were significant sex and racial disparities in ICD use among eligible patients.
METHODS

Data Source
The data were obtained from the Get With the Guidelines Program, which is an ongoing, voluntary, observational data collection and continuous qualityimprovement initiative that began in 2000 and has been described previously. [13] [14] [15] Participating hospitals use the point-of-service, interactive, Internet-based Patient Management Tool (Outcome Sciences, Inc, Cambridge, Massachusetts) and submit clinical information regarding inhospital care and outcomes of patients hospitalized for coronary artery disease, stroke, or heart failure. The heart failure module, initiated from the Organized Program to Initiate LifeSaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) in January 2005, serves as the main analysis data set and includes patients hospitalized with heart failure. 16 Participating institutions are instructed to submit patient information on consecutive eligible patients into the Get With the Guidelines database.
All participating institutions were required to comply with local regulatory and privacy guidelines and to submit the program protocols for review and approval by their institutional review board. Because data were used primarily at the local site for quality improvement, sites were granted a waiver of informed consent under the common rule. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate deidentified data for research purposes.
Trained personnel abstracted the data using standardized definitions. Admissions staff, medical staff, or both recorded self-reported race/ethnicity, usually as the patient was registered. Patients were assigned to race/ethnicity categories using options defined by the electronic case report form. Other variables included demographic and clinical characteristics, medical history, previous treatments, contraindications for evidence-based therapies, and in-hospital outcomes. Data collection regarding ICD therapy included prior implantation, new implantation, or planned implantation after hospital discharge; documented contraindications for ICD therapy, defined as any reason documented by a physician for not using ICD therapy or specific contraindications, such as the patient is not receiving optimal medical therapy, has had an acute myocardial infarction within 40 days, has recentonset heart failure, or has another lifethreatening illness that would compromise 1-year survival with good functional status. Documentation of reasons for not placing an ICD were also collected, including economic, social, and religious reasons, nonadherence, and other reasons for refusal.
The Internet-based system performed edit checks to ensure the completeness of the reported data. In addition, data quality was monitored and reports were generated to confirm the completeness and accuracy of the submitted data. Only sites and variables with a high degree of completeness were used in the analyses.
Study Population
From January 2005 through June 2007, 59 965 patients with heart failure were discharged alive from participating hospitals. Our study was based on a final cohort of 13 034 patients eligible for ICD therapy from 217 hospitals. Among the excluded patients, 5924 who had new-onset heart failure were excluded because they were not eligible for ICD therapy for primary prevention; 14 514 were excluded for the following reasons: 407 left against medical advice, 1518 transferred to another acute care facility, 1237 were discharged to hospice, 10 456 were discharged to a skilled nursing facility, and 896 were discharged to a rehabilitation center; 7077 patients were excluded because there was no documentation of left ventricular ejection fraction (LVEF); 18 768 patients with LVEF of greater than 30% were excluded to confine the analysis to patients who met criteria for class I recommendations for ICD therapy based on current American College of Cardiology (ACC)/AHA heart failure guidelines 17 ; and 648 patients with a contraindication or other reason documented by a physician for not receiving ICD therapy were excluded.
Outcome Measures
The main outcome measure was the use of ICD therapy or documented plans for the placement of an ICD after hospital discharge among eligible patients with LVEF of 30% or less. For the purposes of the analysis, we also included patients in the numerator if they had prior ICD therapy. Performance measures assessed were the provision of discharge instructions, use of an angiotensinconverting enzyme inhibitor or angiotensin receptor blocker in patients with left ventricular systolic dysfunction, and smoking cessation counseling for eligible patients, which are the core measures of quality used by the Centers for Medicare & Medicaid Services. 7, 8 Additional indicators of evidence-based care included in the analysis were the use of ␤-blockers in left ventricular systolic dysfunction, anticoagulation for atrial fibrillation, and aldosterone antagonists for left ventricular dysfunction, which are class I therapies in the ACC/AHA heart failure guidelines.
Because documentation of LVEF is a national performance indicator for patients with heart failure and a prerequisite for ICD eligibility, we conducted a sensitivity analysis that included patients with no LVEF documentation. 7, 8 We also evaluated ICD use among eligible patients who did not have depression, stroke, or anemia and among eligible patients aged younger than 70 years.
Statistical Analyses
Using 2 tests for categorical variables and Wilcoxon rank sum tests for continuous variables, we compared the baseline characteristics of patients who received ICD therapy with the characteristics of patients who did not receive ICD therapy. We report medians and interquartile ranges for continuous variables and percentages for categorical variables. We also examined patient characteristics for the broader population of patients with and without documentation of LVEF.
We used multivariate logistic regression analysis to identify important factors associated with ICD use. We used the generalized estimating equations method to adjust for clustering within hospitals. 18 The initial model included variables for age, sex, race (white vs black), geographic region where the data were collected, systolic blood pressure, and medical diagnoses including acute renal failure, anemia, atrial fibrillation, cerebrovascular accident or transient ischemic attack, chronic obstructive pulmonary disease, coronary artery disease, depression, diabetes mellitus, hyperlipidemia, hypertension, ischemic heart disease, peripheral vascular disease, renal insufficiency, and smoking. In addition, we tested for interactions between sex and race. Factors for which P was greater than or equal to .05 were removed from the logistic regression model.
We also performed analyses to determine if observed racial or sex differences in ICD use were attributable in part to the hospitals in which the patients received care. First, we examined differences in ICD use based on the proportion of black patients and women at each hospital. Second, we used a hierarchical model with hospital as a random effect and patient baseline characteristics as fixed effects. This hierarchical model takes into account the fact that ICD use for patients within the same hospital may be correlated, and allows us to examine differences in ICD use among patients within hospitals.
We performed sensitivity analyses to examine the robustness of the findings. We examined new or planned ICD use by sex and racial subgroups. We used the generalized estimating equations method to adjust for clustering within hospitals to determine adjusted odds ratios (ORs) for ICD use for sex and racial subgroups. We then examined frequency of ICD use in important patient subgroups based on lack of comorbid conditions, Medicare enrollment, symptoms of dyspnea, and predicted 1-year mortality using a previously validated model. 19 A P value of less than .05 was considered statistically significant for all tests. All analyses were performed using SAS software version 8.2 (SAS Institute, Cary, North Carolina). Contraindications to ICD therapy were documented for 648 (4.7%) otherwise potentially eligible patients. Documented reasons included 24 economic, 20 social, 44 nonadherence, 1 religious, 140 other reasons provided by patients, and 441 reasons provided by physicians, which included not receiving optimal medical therapy, acute myocardial infarction within the previous 40 days, and recent onset of heart failure. There were no significant differences for documented contraindications by sex or race (4.0% for white men, 5.2% for black men, 4.6% for white women, and 4.0% for black women; P = .12).
RESULTS
Of
TABLE 2 shows other measures of heart failure quality of care. Provision of discharge instructions, use of an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, and smoking cessation counseling were similar between patients with and without ICD therapy. Use of ␤-blockers, anticoagulation for atrial fibrillation, and aldosterone antagonists was higher in patients with ICD therapy compared with those without ICD therapy. TABLE 3 shows factors that were associated with ICD use among eligible heart failure patients in the generalized estimating equations model and the hierarchical model with site as a random effect. The 2 models had similar ORs, but with some variation in confidence intervals (CIs) between the models. In both models, women were approximately 40% less likely than men to receive ICD therapy and black patients were approximately 30% less likely than white patients to receive ICD therapy.
In generalized estimating equation models after adjustment for both patient and hospital factors including adjustment for age, insurance, systolic blood pressure, medical history variables (anemia, atrial fibrillation, chronic dialysis, hypertension, hyperlipidemia, ischemic heart disease, smoking), and geographic region, 3 groups of patients were significantly less likely than white men to receive ICD therapy: black men (OR, 0.73; 95% CI, 0.60-0.88; P=.001), white women (OR, 0.62; 95% CI, 0.56-0.68; PϽ.001), and black women (OR, 0.56; 95% CI, 0.44-0.71; PϽ.001).
Sensitivity Analyses
Because there may be differences in rates of new ICD placements vs prior ICD placements, we examined overall frequencies across sex and racial groups, and calculated adjusted ORs for new or planned ICDs. The frequency for new or planned ICD implantations after discharge was 25.8% of 4109 eligible white men, 18.3% of 2176 white women, 17.5% of 1595 black men, and 13.0% of 1096 black women (PϽ.001). After adjustment for patient characteristics (age, insurance, systolic blood pressure, anemia, chronic dialysis, hyperlipidemia, hypertension, renal insufficiency, pulmonary disease, and smoking status), the adjusted ORs for ICD use compared with white men were 0.59 (95% CI, 0.47-0.74; PϽ.001) for black men, 0.73 (95% CI, 0.64-0.82; P Ͻ .001) for white women, and 0.43 (95% CI, 0.33-0.56; PϽ.001) for black women.
To assess whether racial differences in ICD use were attributable to patient treatment site, hospitals were divided into tertiles of black patients hospital-ized for heart failure (Ͻ5%, 5%-15%, and Ͼ15%), and differences in ICD use remained significant in hospitals with a higher proportion of black patients. In the lowest tertile, 30.7% of white patients (896 of 2922) received ICD therapy, compared with 21.6% of black patients (19 of 88; P=.07). In the middle tertile, the rates were 43.2% of white patients (983 of 2274) and 32.7% of black patients (119 of 364; PϽ.001). In the highest tertile, the rates were 44.6% (1266 of 2837) for white patients and 31.5% (907 of 2880) for black patients (PϽ.001).
Similarly, sex differences in ICD use were not attributable to the proportion of women treated for heart failure at the hospital level. After dividing hospitals into tertiles of women hospitalized for heart failure (Ͻ 45%, 45%-55%, and Ͼ 55%), differences in ICD use remained. In the lowest tertile, 33.6% of eligible women received ICD therapy (469 of 1398) compared with 46.0% of eligible men (1592 of 3464; PϽ.001). In the highest tertile, 20.5% (74 of 361) of eligible women received ICD therapy compared with 29.3% (142 of 484) of eligible men (P=.004).
We also examined ICD therapy for different groups of patients who physicians may consider are better candidates based on lack of comorbid conditions, similar insurance, or similar symptoms. Among patients aged younger than 70 years without anemia, cerebrovascular disease, or depression, the frequency of ICD therapy 
COMMENT
This study is the first, to our knowledge, to examine ICD use among eligible patients with LVEF of 30% or less who were hospitalized with heart failure. There are 3 main findings: (1) the overall frequency of ICD use was low among potentially eligible patients; (2) women were significantly less likely than men to receive ICD therapy, independent of other characteristics; and (3) black patients were significantly less likely than white patients to receive ICD therapy independent of other characteristics. Consequently, the rate of ICD use was lowest among black women.
In the Multicenter Automatic Defibrillator Implantation Trial II (MADIT-II) and the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), the relative risk reductions in all-cause mortality with ICD therapy were 31% and 23%, respectively, supporting the notion that physicians should carefully consider the potential benefit of ICD therapy in eligible patients. 4, 20 These and other studies led the 2005 ACC/AHA guidelines for heart failure to include ICD therapy for primary prevention of sudden cardiac death in patients with ischemic (class I, evidence A) and nonischemic heart disease (class I, evidence B) and LVEF of 30% or less who are receiving long-term optimal medical therapy and have a reasonable expectation of survival with good functional status of greater than 1 year. 17 Furthermore, the Centers for Medicare & Medicaid Services agreed in 2005 to reimburse ICD therapy for patients with ischemic or nonischemic heart disease, LVEF of less than 35%, and New York Heart Association class II or III heart failure. 21 Based on these criteria, our findings suggest that ICD therapy is significantly underused in patients hospitalized with heart failure, with approximately 35% of eligible patients receiving ICD therapy or planned ICD therapy at the time of hospital discharge.
The rate of ICD use observed in this study may over-or underestimate ICD use among all potentially eligible patients. LVEF measurement is an important quality metric among patients with heart failure because it helps to inform many treatment decisions, including the use of ICD therapy. We found that approximately 20% of patients with heart failure did not have an LVEF recorded. If one considers failure to meet the ICD performance measure to also include patients who do not have documentation of LVEF, then the nonconformity rate is over 70%. If a significant proportion of eligible patients who did not have a plan for ICD implantation documented, but then underwent ICD implantation after discharge, the nonconformity rates would be lower than reported in this study.
We found significant sex differences in ICD use. Cardiovascular disease is the leading cause of death for women, and survival among women with heart failure has not improved substantially over the last 2 decades. 1, 22 Nevertheless, ICD use among potentially eligible women lagged far behind ICD use among men, with women approximately 40% less likely to have an ICD. Although women are often underrepresented in clinical trials, and less than 30% of participants in the major ICD trials for primary prophylaxis were women, the ACC/AHA guidelines recommend equal treatment for men and women. 4, 17, [23] [24] [25] Admittedly, published trials are underpowered to adequately assess the efficacy of ICDs specifically in subgroups of women, and future research should specifically target women with heart failure at risk for sudden death. To date, clinical trials have not shown major interactions based on sex for efficacy. For example, the MADIT-II trial had 192 women (16%) showing similar mortality and similar ICD effectiveness when compared with men. 24 Therefore, until there is significant contrary evidence, eligible women with heart failure and LVEF of less than 30% should be considered for ICD therapy as primary prophylaxis per ACC/AHA guidelines.
Similarly, black patients are more likely than white patients to have heart failure and are at higher risk for sudden cardiac death. 3 However, we found black patients were approximately 30% less likely than white patients to receive ICD therapy. In addition, disparities existed regardless of the proportion of black patients admitted at each hospital. For black patients, the available data on ICD efficacy comes from smaller subgroups than women. In a post hoc analysis of the 102 black patients in the Multicenter Unsustained Tachycardia Trial (MUSTT), survival for black patients randomly assigned to no electrophysiologically guided therapy was better than for black patients receiving electrophysiologically guided therapy. However, the difference was partially explained by a higher ICD implantation rate in white patients (50% vs 28%; P=.03). The SCDHeFT trial did not report any significant sex or race interactions with the main results of mortality benefit with primary ICD placement, although women and non-white subgroups had hazard ratios with wide confidence intervals extending past unity. 4 The ACC/AHA heart failure guidelines acknowledge that certain patient cohorts have been underrepresented in randomized clinical trials, and subgroup analyses are limited with regard to whether benefit of therapies is uniform. However, the guidelines explicitly state that the recommendations should be followed in the absence of definitive evidence to the contrary and that black patients should receive equal treatment. 17 There are several potential factors that may explain the disparities observed in this study. System inequities may exist in the identification of eligible patients and delivery of ICD therapy. Physicians may consider certain subgroups more prominently due to a large number of white men in clinical trials. Patients may also differ in preferences for ICD therapy across sex and race subgroups, although Groeneveld et al 26 found that black patients and white patients have similar prefer-ences for innovative technologies such as implantable devices. In addition, another commonly proposed reason for ICD use disparity among black patients is that they tend to receive care at poorer quality centers. 27 However, after adjusting for hospital characteristics in the hierarchical models, we found that race persisted as a significant predictor of lower ICD use.
Other studies have shown that ICDs are underused in women and black patients. Gauri et al 28 examined Medicare claims for patients with ischemic cardiomyopathy and found that women were 60% less likely than men to receive ICD therapy for primary prevention. In the same study, black patients were 31% less likely than white patients to receive ICD therapy. These estimates are slightly higher than those in the present study, most likely because the analysis relied on Medicare claims data, which do not contain information about LVEF and thus did not allow for identification of patients with depressed LVEF who were truly eligible for ICD therapy.
In addition to eliminating sex and racial disparities, future research should improve knowledge about the costeffectiveness and availability of ICD therapy. Several studies have shown ICD therapy to be cost-effective, but questions remain regarding the broad application of current evidence because of the total estimated costs to major payers and society. [29] [30] [31] Future studies should help to further define the category of eligible heart failure patients who will derive a significant benefit from ICD therapy. In addition, greater attention should help guide the necessity and utility of added features to insure that costs of ICD use do not escalate and possibly worsen disparities in care.
The analysis also found that ischemic heart disease was a major factor associated with ICD use. This finding may be due to the longer history of evidence for ICD therapy among patients with ischemic heart disease, or to other related factors that physicians recognize as signifying a high risk for sudden cardiac death. However, SCD-HeFT showed that ICD therapy conferred a survival advantage on patients with ischemic heart disease and patients with nonischemic heart disease. 4 Factors associated with lower ICD use, such as age or comorbid diseases, may be related to the potential influence of comorbid disease on functional status and long-term life expectancy. As noted, guidelines suggest that physicians consider functional status and reasonable expected survival for at least 1 year. However, even among patients aged younger than 70 years without depression, anemia, or history of cerebrovascular disease, ICD use was suboptimal.
This study has several limitations. First, the data were from a voluntary, hospital-based quality-improvement program. Given that randomized trials of ICD therapy for primary prevention enrolled outpatients, assessment of ICD use among only patients hospitalized with heart failure can be questioned. However, we confined the analysis to patients who would have qualified for ICD therapy prior to hospitalization (ie, patients with a history of chronic heart failure and no documented contraindications to ICD therapy). Second, this program may include hospitals with a higher likelihood of following evidence-based recommendations. Thus, the results of this study may be conservative compared with overall community practice. Third, the data were reported through a standardized case report, but therapies or contraindications to therapies may have been underreported. Although we controlled for insurance status, we do not have data for out-of-pocket expenses which could affect patient decisions for ICD therapy. Also, documentation of LVEF was not available for all patients. However, by assuming that patients without a documented LVEF were eligible for ICD therapy, the disparities observed would be greater. Finally, because we did not have access to outpatient follow-up information, we were unable to delineate benefits of ICD use in reducing mortality risk or the adverse consequences of underuse and disparities in the use of ICD therapy for primary prevention of sudden cardiac death.
CONCLUSIONS
Eligible hospitalized patients with heart failure and LVEFof 30% or less are discharged frequently without ICD therapy or planned ICD therapy, and significant disparities exist for women and black patients. Further research is needed to understand the reasons for the disparities at the patient, physician, and hospital levels. Programs for awareness and promotion of evidencebased use of medical devices in heart failure are needed overall and for the important subgroups studied here. Publicly reported measures regarding ICD therapy should be considered.
